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What is a Pico Grid or a Smart Home?

•

"Smart Home" is a residence that has appliances that are
capable of communicating with one another and can be
controlled remotely by a time schedule, from any room in the
home, as well as remotely from any location in the world by
phone or internet.
Source Used: https://www.smarthomeusa.com/smarthome/

Pico Grid Concept
Pico Grid (or traditionally referred to as a Smart Home) interconnected
using a Home Area Network to an energy management system.

Relevance of Project
•

In 2017, data showed that residences consume 37% of the
energy produced in the United States of America.
Optimizing home energy management systems can produce
substantial energy savings. Appliance recognition is a key
aspect of energy management systems. Having information
on the energy consumption of each appliance allows energy
conservation schemes to focus their efforts intelligently.

Source: S. Coetzee, T. Mouton and M. J. Booysen, "Home energy management systems: A qualitative analysis and overview," 2017 IEEE
AFRICON, Cape Town, 2017, pp. 1260-1265.

Relevance of Project
•

•

Reducing energy use in your home saves you money,
increases our energy security, and reduces the pollution that is
emitted from non-renewable sources of energy.
Measuring devices are vital to Smart Home Energy
Management Systems (SHEMS) because of the simple fact
that what can be measured can be controlled.

Pico-Grid Project Objectives
• Create a home energy management system designed to detect and classify
incoming signals to keep track of power consumption by monitoring the current
(and voltage) flowing through a single electrical outlet.
• Use a low-power open-source single-board computer called a Beagle Bone to
record and organize data to send back to a central computer (server) where it is
graphed through MatLab.
• Once the system is trained to recognize devices, it will automatically plot and
analyze the power consumption of all the devices.

1st Things 1st- Electricity 101
•
•

Learn the difference between current, volt, power, resistance,
etc.
Practice Ohm’s Law and Calculate Power accurately.

Comparing the Circuits’ Current

S.H.E.M.S. Development

Don’t Forget the Breadboard!
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Results
• After testing a Conair hair dryer, a mini-fridge, a cell phone charger, a small fan,
a drill, and background noise (idle), the results proved that the hair dryer and the
hammer drill used the most current while the background noise was very low.
The cell phone charger and the small fan did not produce relevant data due to the
setup limitations of the circuit as it is designed now. As shown by the confusion
matrices, the testing produced a 99.8% accuracy rate in classifying the data.
Idle

Conclusion and Further Discussion

✓ The S.H.E.M.S. was successful in recognizing and classifying many household
electrical devices. However, it is incapable of testing large devices that require
220 volts under the current set up.
✓ The current process has been converted from MatLab so that teachers could use
it in the classroom with Microsoft Excel or Google Slides.
✓ An operator’s manual was designed to further assist educators with the use of
this Pico Grid (Smart Home) energy management system.
✓ Modifying the programming so the Arduino micro-controllers could be used
instead of the more costly Beagle Bone would be a future possibility. However,
the limitation of the Arduinos capability of speed of data acquisition would also
need to be addressed.
✓ The prototype created also could be made smaller to more easily fit behind an
electrical circuit in a home.

Educator’s Operations Manual
for S.H.E.M.S.
• Step-by-step directions for educators or other operators to collect and
run data using Georgia Southern’s S.H.E.M.S. launcher and the
PuTTY software.

Istre’s Module for 7th Grade S.T.E.M.
Georgia Learning Standards:
• ENGR-STEM 2 – Students will identify the impact of engineering and technology within global,
•
•
•
•
•
•

economic, environmental, and societal contexts.

ENGR-STEM 3 – Students will design technological problem solutions using scientific investigation,
analysis and interpretation of data, innovation, invention, and fabrication while considering economic,
environmental, social, political, ethical, health and safety, manufacturability, and sustainability
constraints.
ENGR-STEM 6 – Students will enhance reading by developing vocabulary and comprehension skills
associated with text materials, problem descriptions, and laboratory activities associated with
engineering and technology education.
M7P4 – Students will make connections among mathematical ideas and to other disciplines.
M7P5 – Students will represent mathematics in multiple ways.
S7CS2 – Students will use standard safety practices for all classroom laboratory and field
investigations.
S7CS4 – Students will use tools and instruments for observing, measuring, and manipulating
equipment and materials in scientific activities.

Istre’s Essential Questions
for 7th Grade S.T.E.M.
•
•
•
•
•
•

Given specific data, what is the power of the circuit using
Ohm’s Law?
What is the correct way to create a closed circuit?
What are examples of insulators and conductors?
What are some ways to conserve electricity?
What devices in your house waste
the most energy?
What is a Smart Home?

Istre’s Module Labs and Lessons
• Basics terms of Electricity such as voltage, current, Ohm’s Law, etc.
• Use Christmas lights, AA batteries, masking tape, and aluminum foil to create
open and closed circuits.
• Investigate a variety of conductors and insulators.
• Create and calculate voltage, power, current, and resistance from a variety of
parallel and series circuits.
• Discuss and investigate the importance of conserving electricity.
• Using the S.H.E.M.S. device created during the GSU Energy program, collect
data from a variety of electrical devices and analyze the results.
• Create a campaign to decrease the school’s energy use.
• Design and calculate the data for an energy efficient home.

Conaway’s Module for 8th Grade S.T.E.M.
Georgia Learning Standards:

•
•

ENGR-STEM 1 – Students will recognize the systems, components, and processes of a technological
system.
MSENGR-TS-2: The students will develop an understanding of how the design process is used to
develop a technological system.
a) Identify the steps of the design process
b) Identify how systems are used in a variety of settings
c) Illustrate how the systems model is utilized in the production of goods

d) Construct and work with a variety of systems, including Engineering, Electronics, Manufacturing,
and Energy

•

MSENGR-TS-4: The students will develop an understanding of how systems evolve from one stage
to another.
a) Illustrate the evolution of a variety of technological systems
b) Analyze the reason for the evolution of technological systems
c) Investigate the cause of system failures

Conaway’s Module
for 8th Grade S.T.E.M.
➢ Atomic Structure

➢ Flow of Electrons

➢ Circuits (Ohm's law, power , resistance, current equations)
➢ Parts of a Circuit (Load, supply, transmission paths, etc.)
➢ Power Systems (renewable, non renewable, Pico-grid)
➢ Basic Coding and coding manipulation

➢ Arduino introduction, coding, and applications
➢ Student Projects

Student Projects
• Students will devise their own real world problem dealing with

energy and energy conservation/ use
• Using the engineering design process and research techniques, they
will work through possible solutions that they can design an artifact
using Arduino or Raspberry Pi to attempt to resolve or improve the
current situation with Energy and energy conservation/ use.

Dissemination
Georgia Southern STEM Conference
Location: Savannah, GA
March 20th-23rd
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